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Abstract
The Energy & Environmental Research Center (EERC) is providing gasification test support to the Connecticut Center for 
Advanced Technology, Inc. and the U.S. Defense Logistics Agency toward development of alternative liquid fuel options for 
U.S. military applications. The EERC is testing of various gasification systems to obtain data on fuel effects, syngas composition, 
gas cleanup, liquid fuel production, and system operation. Testing has been performed using two existing gasifiers at the EERC: 
the transport reactor development unit and the entrained-flow gasifier. This paper summarizes results of testing and the 
technology impacts on carbon footprint.
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1. Introduction
The Energy & Environmental Research Center (EERC) is providing gasification test support to the Connecticut 
Center for Advanced Technology, Inc. (CCAT) toward development of alternative liquid fuel options for U.S. 
military applications. CCAT is under agreement with the U.S. Defense Logistics Agency (DLA) to perform the 
project, with a focus on solids fuel conversion to synthesis gas for catalytic conversion to liquid fuels. Section 526 of 
the 2007 Energy Independence and Security Act (EISA) requires that wells-to-wheels greenhouse gas (GHG) 
emissions of all transportation fuels used by the U.S. government are below the emissions of petroleum-derived 
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products. Liquids produced using coal–biomass blends can result in a net reduction of GHG emissions compared to 
traditional petroleum resources. Limits in biomass supply and quantity will require any system utilizing renewable 
feedstock to be fuel-flexible to account for variations in transportation costs and seasonal supply. Demonstration of 
the conversion of these feedstocks with coal in gasification systems is a critical step in moving the technologies 
forward. Technical direction is provided by DLA Energy, with CCAT as the prime contractor in partnership with 
Arcadis U.S. The team has partnered with the EERC (and others) to perform these demonstration tests. CCAT is also 
under a Cooperative Research and Development Agreement with the U.S. Department of Energy (DOE) National 
Energy Technology Laboratory (NETL) to provide systems engineering, consultation, and modeling results in 
support of the project.
Additionally, the EERC is completing a project with the Illinois Clean Coal Institute, CCAT, and DOE to 
demonstrate advanced coal and biomass-to-liquid technologies using Illinois No. 6 coal. The project builds upon 
DLA Energy-sponsored work that is currently under way with CCAT/Arcadis to evaluate the performance of coal 
and biomass blends in EERC gasifiers. The Illinois No. 6 coal and biomass for this test program were gasified in the 
EERC’s entrained-flow gasifier (EFG), as high-temperature systems are most suitable for gasification of the selected 
feedstock. The syngas produced is cleaned using warm-gas cleanup techniques, including hot-gas filtration and 
fixed-bed desulfurization. The syngas is synthesized into liquid fuel in the EERC’s fixed-bed Fischer–Tropsch (FT) 
reactor. The overall goal of the testing is to determine the impact of warm synthesis gas on the performance and life 
of a FT catalyst and compare the performance to sweetened syngas.
Because of the need for cryogenic cooling, the capital and operating costs for traditional cold-gas cleanup are 
significant. The energy penalty of cooling and reheating both syngas and solvent can also be significant. This limits 
gas sweetening for synthetic fuel production to very large installations that can benefit from economies of scale. 
Small-scale coal-to-liquid plants may operate profitably by generating higher-value chemicals, but given the 
comparatively low value of transportation fuel, FT synthesis normally operates economically at a large scale.
The large energy penalty created by cold-gas cleanup can be mitigated by hot- or warm-gas techniques. H2S and 
other key contaminants can be removed using these technologies. Warm-gas cleanup is a promising alternative to 
gas sweetening at the small scale because it requires less maintenance, does not have the significant energy penalty 
associated with cooling and reheating gas and liquid streams, and has lower utility costs. However, warm-gas 
cleanup cannot capture all gas contaminants. Some gas cooling is required to condense water and gasifier tars. 
Warm-gas technologies currently cannot effectively remove CO2. Gas sweetening with physical or chemical 
solvents remains the only commercially available way to remove CO2 from syngas.
The proposed process will take advantage of commercially available warm-gas cleanup sorbents to determine the 
overall increase in thermal efficiency when using warm-gas cleanup versus conventional solvent technology. High 
levels of moisture and CO2 will reduce the overall production efficiency of the catalyst. Iron-based catalysts may be 
susceptible to this reduction because of increased water–gas shift (WGS) activity in the presence of moisture. A 
reduction in FT liquids production is expected because of the diluent CO2 and moisture. This paper reviews the 
results of the testing and compares liquid fuel production efficiency with warm-gas cleanup techniques to traditional 
methods.
2. Preliminary Results
The EERC is supporting the CCAT team through testing of various gasification systems to obtain data on fuel 
effects, syngas composition, gas cleanup, liquid fuel production, and system operation. Testing has been performed 
using two existing gasifiers at the EERC: the transport reactor development unit (TRDU) and the EFG. The TRDU 
and EFG gasification systems are shown in Figures 1 and 2, respectively. Gasification characteristics of two coals 
were tested when combined with various biomass feedstocks, including raw and torrefied wood, railroad ties, algae 
and other aquatic species, switchgrass, and corn stover. Results of the testing indicated that biomass can be a good 
feedstock for both gasifiers, but the EFG appears to be able to handle and feed torrefied biomasses much better than 
the raw biomasses. All feedstocks were shown to convert well in the gasifiers, with some challenges related to feed 
sourcing, preparation, and feeding. In addition, as the coal is varied, there can be challenges related to the behavior 
of the inorganic component of the coal and biomass in the gasification systems. Evaluation of test results is ongoing 
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Fig. 1. TRDU system located at the EERC (PCD is particulate control device).
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Fig. 2. Schematic and photograph (green central reactor) of the bench-scale EFG.
to help promote feedstock diversity and further improve the ability of the technologies to meet the GHG standards 
required by Section 526 of the 2007 EISA. Precombustion capture technology combined with biomass cofeeding can 
bring the carbon footprint toward zero CO2 emissions. Promotion of feedstock diversity will help to eliminate 
uncertainties as they relate to investment decisions and increase the sustainability of the technology.
In general, the TRDU operated well over the biomass concentrations and types tested. Feed system operation, 
carbon conversions, and ash deposition and agglomeration behavior were all in line with what could be expected 
based on past operation on similar feedstocks. Particle size distributions (PSDs) and emission levels including light 
organics were similar between the coal-only and the various coal–biomass mixtures tested. The addition of the 
biomass to the feed at tested levels did not appear to affect the transport integrated gasifier (TRIG) performance. The 
high solids circulation rates that occur in the TRIG technology make it behave like a highly efficient, continuous, 
stirred-tank reactor that is not impacted by the addition of biomass at low concentrations.
The TRIG gasifier would be a good candidate for coal–biomass cofeeding subject to the constraints of the TRIG 
gasifier on the coal-only fuel. The TRIG system works better on high-reactivity fuels; thus if the selected coal is a 
high-reactivity low-rank coal, the presence of most biomass would not impact TRIG performance. Higher biomass 
concentrations need to be tested to determine the upper range for allowable biomass feed concentrations. 
During normal operation of the EFG system with the coal–biomass blends tested, the syngas quality was 
comparable to that found in many commercial gasifiers. While the gasifier is operating normally, a glassy slag is 
produced that has negligible amounts of carbon. The carbon content in the PCD ash was also very low. The quench 
waters produced showed very low levels of organic components produced. As expected, the high-temperature EFG 
process produces very low amounts of organics or tars.
Some challenges were seen in maintaining slag flow in the EFG for certain of the coal–biomass mixtures. The 
freeze up of slag can be impacted not only by the composition of the inorganic fraction of the feed mixture, but also 
by any unsteadiness of feed because of the smaller size of the pilot system The initial subbituminous coal tested had 
relatively low CaO and high Al2O3. These, coupled with the high CaO of the woody biomass, promoted anorthite 
(CaAl2Si2O8) deposit formation in the bottom slagging region of the EFG and slag accumulations under the high-
temperature reducing conditions of the gasifier. Anorthite has a melt temperature of approximately 2800°F, which is 
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significantly higher than the attainable temperatures at the bottom of the gasifier’s reactor tube. To decrease the 
issues with slag freezing in the EFG, subsequent testing was performed with the use of a different Powder River 
Basin (PRB) coal that had a chemistry more amenable in reducing environments to form flowing slag which the 
EFG requires for proper operation. While EFG and other slagging gasifiers are good candidates for conversion of 
coal biomass blends, the composition of the combined inorganic fraction will be important to successful operation.
The EERC has demonstrated the technical feasibility of using coal and biomass blends for liquid fuels production 
using 1) traditional physical solvents and 2) high-temperature sorbents for gas cleaning. The EERC’s small pilot-
scale EFG was used to produce syngas from the Illinois No. 6 coal and biomass blends. During testing of FT liquids 
production, fine particulate matter was first removed using a hot-gas filter vessel (HGFV), after which bulk sulfur 
was captured using RVS-1 regenerable sulfur sorbent to remove H2S and COS to single-digit ppm levels or lower, as 
shown in Figure 3. One RVS-1 bed was used until it became saturated with sulfur, after which the second bed was 
brought online so that the first could be taken off-line and regenerated. A sulfur-polishing bed was also used after the 
RVS-1 beds. The WGS beds were not used for this testing. From this point, gas was either sent directly to the FT 
unit or cooled prior to gas sweetening. For the cold-gas testing, gasifier product water and other condensables were 
condensed and drained in a series of indirectly water-cooled quench pots. CO2 removal and sulfur polishing were 
achieved using the gas-sweetening adsorption system, a column that uses physical solvent to remove acid gas 
components from a syngas stream. The gas was then reheated prior to FT liquids production. 
Previous testing on the RVS-1 sorbent has shown that it is capable of reliably removing sulfur to single-digit ppm 
levels in the syngas when PRB coal is gasified. One of the goals for the project was to determine if the RVS-1
sorbent were capable of achieving this removal level using Illinois No. 6 coal which is higher in sulfur. The results 
indicate that sulfur removal down to 1 ppm or less of H2S is possible with the RVS-1 and that the beds could be 
regenerated successfully. Further analysis of the data is under way to determine space velocity requirements and, 
ultimately, sorbent bed size requirements.
FT liquids were produced during the testing using both warm gas and sweetened gas. Analysis of the skid data is 
under way, and initial analytical results from the FT have been obtained. Figure 4 shows the hydrocarbon 
distribution of the liquids produced using the conventional solvent technology for gas cleanup. The distribution 
shows that the catalyst is producing higher hydrocarbons with a peak around C15 and that the catalyst is performing 
reasonably well. It should be noted that the gas-phase catalyst products such as methane are not shown here.
Additional samples produced using only the warm-gas cleaning technique are currently being analyzed as of this 
writing, and will be presented with the final project results. The overall goal of the data analysis will be to determine 
the change in hydrocarbon productivity and any change in product distribution between the two techniques.
Fig. 3. Gas cleanup and FT reactor process scheme.
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Fig. 4. Hydrocarbon distribution of FT liquids produced using the EERC’s iron-based FT catalyst.
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